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TETRAHYDROISOQUINOLINES AS ALPHA-2
ANTAGONISTS AND BIOGENIC AMINE UPTAKE
INHIBITORS

TECHNICAL FIELD

The present invention relates to novel organic com-
pounds and compositions which are alpha-2 adrenore-
ceptor antagonists and/or biogenic amine uptake inhibi-
tors, pharmaceutical compositions comprising the com-
pounds, and a method for treating diseases of the central
nervous system including depression, agression, obses-
sive compulsive disorders, panic attacks, memory dis-
turbances, anxiety, hypochondriasis, and aspects of
Alzheimer’s disease, diseases of the vascular system
including hypertension, glaucoma and migraine, meta-
bolic disorders such as diabetes or feeding disorders,
and alcoholism.

BACKGROUND OF THE INVENTION

The adrenergic nervous system plays a major role in
the mnervation of heart, blood vessel and smooth mus-
cle tissue. Compounds capable of interacting with re-
ceptor sites within the adrenergic nervous system can
initiate a variety of physiological responses, including
vasoconstriction, vasodilation, and increased or de-
creased heart rate (chronotropic), contactility (inotro-
pic) and metabolic activity. The adrenergic receptor
system 1s complex, having a number of receptor types
and sub-types, each involved in particular functions. In
the past, various adrenergic compounds have been em-
ployed to affect these and other physiological re-
sponses. However, many adrenergic compounds do not
possess significant selectivity for particular adrenergic
receptors to produce the desirable interactions with
adrenergic receptor sites without also causing undesir-
able side-effects. That is, these adrenergic compounds
do not demonstrate a high degree of specificity for
differing receptors types within the adrenergic nervous
system m order to obtain a desired physiological re-
sponse separate from other possible, and perhaps less
desirable, responses of the system.

SUMMARY OF THE INVENTION

‘The compounds of the present invention demonstrate
the ability to selectively inhibit alpha-2 adrenergic re-
ceptors, i.e. are alpha-2 antagonists, which are mainly
distributed on the membranes of central and peripheral
adrenergic neurons and on the tissues innervated
thereby. The compounds of this invention are also ef-
fective in inhibiting biogenic amine uptake. As used
herein, the term “biogenic amine” refers to one or more
of the compounds selected from the group consisting of
norepinephrine, serotonin, dopamine and the like.

By inhibiting interaction with the alpha-adrenergic
receptors in the peripheral nervous system, one can
modulate the function of adrenergic neurons and hemo-
dynamic equilibrium which is therapeutically useful in a
multitude of cardiovascular indications, such as hyper-
tension, congestive heart failure, and a variety of vascu-
lar spastic conditions. Furthermore, the alpha-adrener-
gic antagonists are useful in certain neurological and
psychiatric disorders such as depression. Dual phar-
macophores which are alpha-2 antagonists and also
inhibit the uptake of biogenic amines have a beneficial
synergistic effect in the treatment of depression with
enhanced efficacy over each type of activity alone, the
potential for faster onset of action and/or efficacy
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among non-responding patients while perhaps having a
desirable side effect profile.

In accordance with the principal embodiment of the
present invention, there are provided alpha-2 adrenore-
ceptor antagonists and/or biogenic amine uptake inhib-
iting compounds of the Formula I:

(RO), I
N
\RI
X
R2
Ilq.-""
R3

or a pharmaceutically acceptable salt thereof, where n is
an imnteger having the value of of 0,1 or 2, and R is
independently selected from the group consisting of
methyl, ethyl, and, when n=2, methylenedioxy.

The group X is selected from hydrogen and fluorine,
and R is selected from the group consisting of alkyl of
one to six carbon atoms, alkanoyl, of from two to six
carbon atoms, aminosulfonyl, alkoxycarbonyl of from
two to eight carbon atoms; and aminocarbonyl.

The group R is selected from methyl and ethyl, and
R3is arylalkyl where the aryl portion is unsubstituted or
1s substituted by one or more groups selected from the
group consisting of alkyl of one to six carbon atoms,
haloalky] of one to six carbon atoms, alkoxy of one to
six carbon atoms, thioalkoxy of one to six carbon atoms,
amino, alkylamino of one to six carbon atoms, dialkyl-
amino in which the alkyl groups are independently of
one to six carbon atom, hydroxy, halo, mercapto, nitro,
carboxaldehyde, carboxy, carboalkoxy of two to eight
carbon atoms, and carboxamido. Alternatively, R, and
R3 taken together with the nitrogen to which they are
attached form a 5- or 6-membered ring optionally sub-
stituted by phenyl, optionally substituted by one or
more groups selected from alkyl of one to six carbon
atoms, halo, hydroxy, alkoxy of one to six carbon
atoms, amino, and thioalkyloxy of one to six carbon
atoms.

The pharmaceutically acceptable salts and individual
stereoisomers of compounds of structural formula I
above, as well as mixtures thereof, are also contem-
plated as falling within the scope of the present inven-
tion.

In another aspect, the present invention also relates to
a method for antagonizing alpha-2 adrenoreceptor ac-
tivity and/or inhibiting biogenic amine uptake in a
mammal in need of such treatment, comprising adminis-
tering to the mammal a therapeutically effective amount
of a compound of claim 1.

The invention further relates to alpha-2 adrenorecep-
tor antagonist and/or biogenic amine uptake inhibiting
compositions comprising a pharmaceutical carder and a
therapeutically effective amount of 2 compound of
claim 1.

In yet another aspect of the present invention, there is
provided a method of treating diseases of the central
nervous system including depression, agression, obses-
sive compulsive disorders, panic attacks, hypochondria-
sis, memory disturbances, and anxiety, diseases of the
vascular system including hypertension, glaucoma and
migraine, metabolic disorders such as diabetes or feed-
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ing disorders, and alcoholism by administering to a host
mammal in need of such treatment a therapeutically
eftective amount of a compound of claim 1.

DETAILED DESCRIPTION OF THE 5
INVENTION

In one preferred embodiment of the present inven-
tion, compounds are represented by Formula II:

(RO), o 1°

15

where X, R, Ri, and n are as defined above and and R4 20

is phenyl, optionally substituted with one or more
groups selected from alkyl of one to six carbon atoms,
halo, hydroxy, alkoxy of one to six carbon atoms,
amino, and thioalkyloxy of one to six carbon atoms.

In another preferred embodiment, compounds are
represented by Formula III:

235

RO); 101
30
N
SR,
X Ra 35
i
CHj

where X, R, R, R4 and n are as defined above.

In a particularly referred embodiment, n is 2, the 40
—OR radicals are in positions 5- and 6- or 6- and 7-
positions of the tetrahydroisoquinoline moiety.

Examples of compounds falling within the scope of
the present invention include, but are not limited to, the
following:
6-methoxy-2-methyl-1-(3-phenylpyrrolidino)methyl-

1,2,3,4-tetrahydroisoquinoline:
6-methoxy-2-methyl-1-((N-methyl-N-(2-phenylethyl-

)amino)methyl)-1,2,3,4-tetrahydroisoquinoline;
J-methoxy-2-methyl-1-(3-phenylpyrrolidino)methyl-

1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1-((N-methyl-N-(2-

phenylethyl)amino)methyl)-1,2,3,4-tetrahy-
droisoquinoline;
3,6-methylenedioxy-2-methyl-1-(N-(3-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
6,7-methylenedioxy-2-methyl-1-(3-phenylpyrrolidino)-
- methyl-1,2,3,4-tetrahydroisoquinoline;
6,7-methylenedioxy-2-methyl-1-((N-methyl-N-(2-
phenylethyl)amino)methyl)-1,2,3,4-tetrahy-
droisoquinoline; |
J,6-methylenedioxy-2-methyl-1(R)-(3'(R)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1(R)-(3'(S)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1-(S)-(3'R)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline:;
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J,6-methylenedioxy-2-methyl-1(8S)-(3'(S)-phenylpyr-

rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1(R)-((N-methyl-N-

(2phenylethyl)amino)methyl)-1,2,3,4-tetrahy-

droisoquinoline; and
3,6-methylenedioxy-2-methyl-1(S)-(N-methyl-N-(2-

phenylethyl)amino)methyl)-1,2,3,4-tetrahy-

droisoquinoline
or a pharmaceutically acceptable salt of any of the fore-
going.

As used throughout this specification and the ap-
pended claims, the following terms have the meanings

ascribed to them:
The term “lower alkyl” as used herein refers to

straight or branched chain saturated hydrocarbon radi-
cals having from one to six carbon atoms. Representa-
tive examples of lower alkyl groups include methyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl,
tert-butyl, and the like.

The term “lower alkoxy” as used herein refers to a
lower alkyl group, as defined herein, which is bonded to
the parent molecular moiety through an oxygen atom.
Representative examples of lower alkoxy groups in-
clude methoxy, ethoxy, tert-butoxy, and the like.

The term “alkanoyl” as used herein refers to a hydro-
gen or lower alkyl group, as defined herein, which is
bonded to the parent molecular moiety through a car-
bonyl group. Representative examples of alkanoyl
groups include, but are not limited to, formyl, acetyl,
propionyl, isobutyryl and the like.

The term “alkylsulfonyl” or “arylsulfonyl” as used
herein refer to a lower alkyl group, as defined herein, or
an aryl group, as defined herein, which is bonded to the
parent molecular moiety through a sulfonyl, >SO,,
group. Representative examples of alkylsulfonyl and
aryl sulfonyl groups include, but are not limited to,
methanesulfonyl, ethanesulfonyl, benzenesulfonyl and
the like.

The term “aminocarbonyl” as used herein refers to an
amino group which may be unsubstituted, mono-sub-
stituted or di-substituted, which is bonded to the parent
molecular moiety through a carbonyl group. Represen-
tative examples of aminocarbonyl include, but are not
limited to, aminocarbonyl, dimethylaminocarbonyl,
diethylaminocarbonyl and the like.

The term “aryl” as used herein refers to a monocyclic
or bicyclic carbocyclic ring system having one or more
aromatic rings including, but not limited to, phenyl,
naphthyl, tetrahydronaphthyl, indanyl and the like.
Aryl groups can be unsubstituted or substituted with
one, two or three substituents independently selected
from loweralkyl, haloalkyl, alkoxy, thioalkoxy, amino,
alkylamino, dialkylamino, hydroxy, halo, mercapto,
nitro, carboxaldehyde, carboxy, carboalkoxy and car-

- boxamide. In addition, substituted aryl groups include

tetrafluorophenyl and pentafluorophenyil.

The term “arylalkyl” as used herein refers to an aryl
group as previously defined, appended to a loweralkyl
radical, for example, benzyl and the like.

The term “halo” or “halogen’ as used herein means
fluorine, iodine, bromine, or chlorine.

The term “methylenedioxy” as used herein refers to
the group, —OCH;0—, attached to adjacent carbon
atoms on the parent molecular moiety to form a five-
membered ring.

The term “substituted phenyl” as used herein refers
to a phenyl ring with one, two, or three substituents
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independently selected from lower alkyl, halo, hy-
droxy, lower alkoxy, amino, and thioalkyloxy.

The term “pharmaceutically acceptable salts” refers
to the pharmaceutically acceptable, relatively nontoxic,
inorganic or organic acid addition salts of the com-
pounds of the present invention. These salts can be
prepared in situ during the final isolation and purifica-
tion of the compounds, or by separately reacting the
free base with a suitable organic or inorganic acid. Rep-
resentative salts include the hydrochloride, hydrobro-
mide, sulfate, phosphate, nitrate, bisulfate, acetate, oxa-
late, valerate, oleate, palmitate, methanesulfonate, stea-
rate, laurate, borate, benzoate, lactate, phosphate, tolsy-
late, citrate, maleate, fumarate, succinate, tartrate, nap-
sylate, and the like. Those compounds having more
than one basic site can be isolated as bis-salts, for exam-
ple, dihydrochloride, bis-methanesulfonate, and the
like.

The standard chirality descriptors “R” and “S” are
used to indicate an isomerically pure center, “RS” to
indicate a mixture, and “R/S” to indicate a single pure
isomer of undetermined configuration. The assignment
of “R” and “S” depends on the priority ranking of
atoms or groups attached to the asymmetric center as
determined by the Cahn-Ingold-Prelog Sequence Rule
(International Union of Pure and Applied Chemistry,
“Nomenclature of Organic Chemistry, Sections, A, B,
C, D, E, F, and H”, Pergamon Press, Oxford, 1979;
Cahn, R. S,, Ingold, C. K., Prelog, V., Angew. Chem.,
Int. Ed. Engl. 1966, 5: 385; and Prelog, V., Helmchen,
G., Angew. Chem., Int. Ed. Engl. 1982, 21: 567).

Biological Assay Methods

The compounds were assessed for alpha-adrenergic

receptor activity by use of radioligand binding tech-

niques as described previously (DeBemardis et al., J.
Med. Chem., 1985, 28: 1398). Affinity for the alpha-1

receptor was assessed using rat liver homogenates and |

the radioligand [3H]-prazosin; whereas for the alpha-2
receptor, rat cerebral cortices and the radioligand [3H]-
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binding studies are shown in Table 1 for a representa-
tive sample of compounds disclosed herein, showing
clearly the excellent affinity for the alpha-2 receptor, as
well as the high degree of selectivity relative to the
alpha-1 adrenoreceptor.

The primary method of evaluation of biogenic amine

uptake activity has been the in vitro determination of

45
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the inhibition of radioactive amine uptake by synapto-
some preparations of brain tissue. Basic procedures used
are those described by Snyder and Coyle (Snyder, S. H.
and J. T. Coyle, Regional Differences in 3H-
Norepinephrine and 3H-Dopamine Uptake into Rat
Brain Homogenates, Journal of Pharmacology and Ex-
perimental Therapeutics 1969, 165: 78-86) and Wong et
al. (Wong, D. T., J-S8. Horng and R. W. Fuller, Kinetics
of Norepinephrine Accumulation into Synaptosomes of
Rat Bramn-Effects of Amphetamine and Chloroam-
phetamines, Biochemical  Pharmacology 1973,
22:311~322). Briefly, male Sprague-Dawley rats were
decapitated and regions of their brains dissected accord-
ing to the procedures of Glowinski and Iversen (Glo-
winski, J. and L. L. Iversen, Regional Studies of Cate-
cholamines in the Rat Brain—I: The Disposition of
[*H]-Norepinephrine, [3H]-Dopamine and [3H]-DOPA
in Various Regions of the Brain, Journal of Neurochem-
istry 1966, 13: 655-669). Hypothalamus (norepineph-
rine-), cortex (serotonin) and striatum (dopamine-
uptake) were homogenized in 10, 5, and 20 volumes,
respectively, of 0.32M sucrose using a Teflon/glass
Potter-Elvehjem tissue grinder. Samples were centri-
fuged at 1000 XG for 10 minutes and the supernatants
harvested and used in the assay. Aliquots of tissue (100
mL) were added to 750 mL of Kreb’s solution (compo-
sition 1n mM; sodium chloride 118, potassium chloride
4.0, calctum chloride 1.13, potassium dihydrogen phos-
phate 1.12, magnesium sulfate 1.20, sodium bicarbonate
2.4, D-glucose 5.0, disodium ethylenediaminetetraacetic
acid 1.5, ascorbic acid 1.0, and Pargyline, 12.5 mM,
pH=7.4, aerated with 95% oxygen, 5% carbon diox-
ide), 50 mL of test compound diluted in 0.3 mM ascor-
bic acid, and 100 mL [3H]}-amine, final concentration
approximately 100 nM. Tissues were incubated for 4
minutes at 37° C., followed by rapid vacuum filtration
over Whatman GF/B filters and washed with 50 mM
Tris-HCl (pH=7.4). Nonspecific uptake was estimated
in duplicate samples incubated at 0 ° C. Data were ana-
lyzed as described previously (J. F. DeBemardis, D. J.
Kerkman, D. L. Arendsen, S. A. Buckner, J. J. Kyncl,
and A. A. Hancock, Conformationally Defined Adren-
ergic Agents. 5. Resolution, Absolute Configuration,
and Pharmacological Characterization of the Enantio-
mers of 2-[5,6-Dihyroxy-1,2,3,4-tetrahydro-1-1-naph-
thyl]imidazoline: A Potent Agonist at a-Adrenoceptors,
Journal of Medicinal Chemistry 1987, 30: 1011-1017).

TABLE 1
ALPHA-2
RADIOLIGAND SELEC- BIOGENIC AMINE
BINDING TIVITY UPTAKE
K; (M) (M) K;al/ ICsg (nM)

EXAMPLE al al K;a?2 NE 5-HT DA
1 120 6.2 19 4434 9185 28311
2 175 4.6 38 1236 7708 26472
3 306 6.0 51 621 4447 9402
4 621 2.6 238 885 2600 24729
5 180 4.3 42 249 2026 11402

6 72 11.4 6 NT NT NT
7 613 6.4 96 589 6268 49753
8 446 2.5 178 489 1106 9302
0 168 2.1 80 426 1579 9545
10 374 20.2 18.5 214 754 11658
11 157 32.5 4.8 116 1695 4951
12 1016 0.98 1037 1289 1406 25514
13 542 7.1 76 210 2891 10559
Rauw?* 450 2.8 ~> 100 ~> 100 > 100
Fluoxetine ~> 1000 > 1000 1307 300 15193

M
Rauw®* is Rauwolscine
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The compounds of the invention can be administered
in any effective pharmaceutically acceptable form to
warm blooded animals, e.g., in oral, parenteral or infus-
able dosage forms, or as a buccal or nasal spray. Suitable
routes of administration include, for example, intramus-
cular, intravenous, intraperitoneal or subcutaneous ad-
ministration of the compounds.

In addition to the active compounds, compositions
according to this invention for parenteral injection may
comprise pharmaceutically acceptable sterile aqueous
or nonaqueous solutions, suspensions or emulsions. Ex-
amples of suitable nonaqueous carriers, diluents, sol-
vents or vehicles include propylene glycol, polyethyl-
ene glycol, vegetable oils, such as olive oil, and injecta-
ble organic esters such as ethyl oleate. Such composi-
tions may also contain adjuvants such as preserving,
wetting, emulsifying, and dispersing agents. They may
be sterilized, for example, by filtration through a bac-
teria-retaining filter, or by incorporating sterilizing
agents into the compositions. They can also be manufac-
tured 1n the form of sterile solid compositions which can
be dissolved in sterile water, or other sterile injectable
medium, immediately before use.

Solid dosage forms for oral admistration include cap-
sules, tablets, pills, powders, and granules. In such solid
dosage forms, the active compound may be admixed
with at least one inert diluent such as sucrose, lactose, or
starch. Such dosage forms may also comprise, as is
normal practice, additional substances other than inert
diluents, e.g., lubricating agents such as magnesium
stearate. In the case of capsules, tablets, and pilis, the
dosage forms may also comprise buffering agents. Tab-
lets and pills can additionally be prepared with enteric
coatings.

Liquid dosage forms for oral administration include
pharmaceutically acceptable emulsions, solutions, sus-
pensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Besides such
inert diluents, compositions may also comprise adju-
vants, such as wetting agents, emulsifying and suspend-
ing agents, and sweetening, flavoring and perfuming
agents.

Actual dosage levels of active ingredient in the com-
positions of the invention may be varied so as to obtain
an amount of active ingredient effective to obtain a
desired therapeutic response for a particular composi-
tion and method of administration. The selected dosage
level therefore depends upon the activity of the particu-
lar compound, the desired therapuetic effect, the route
of administration, the desired duration of treatment, the
severity of the condition being treated, the condition
and prior medical history of the patient being treated
and other factors. However, it is within the skill of the
art to start doses of the compound at levels lower than
required to achieve the desired therapeutic effect and to
gradually increase the dosage until the desired effect is
achieved.

Generally, dosage levels of about 0.1 to 1000 mg,
more preferably about 1 to 150 mg and most preferably
about 0.5 to 125 mg of active ingredient per kg of body
weight per day are administered orally to a mammalian
patient suffering from depression. If desired, the daily
dose may be divided into multiple doses for administra-
tion, e.g., two to four separate doses per day.

Asymmetric centers exist in the compounds of the
present mvention. Unless otherwise specified, a chiral
compound of the present invention contemplates the
various stereoisomers and mixtures thereof. Starting
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compounds of particular stereochemistry are either
commercially available or are made by the methods
detailed below and resolved by techniques well-known
in the organic chemical arts.

In general, the compounds of the present invention
can be prepared as illustrated in Schemes 1-7. For illus-
tration purposes, the case where X is hydrogen is
shown. "

In Scheme 1,3-methoxyphenylethylamine is reacted
with formaldehyde to give an imine which cyclizes
under acidic conditions to give tetrahydroisoquinoline
1. Treatment of 1 with Fremy’s salt followed by quater-
nizatton with methyl iodide gives the dihy-
droisequinolinium salt 2. Treatment of 2 with potassinm
cyanide gives the l-cyano compound 3. Reduction of
the nitrile (for example, with aluminum hydride) give
the 1l-methylamino compound 4. Intermediate 4 can
either be reacted with phenylsuccinic anhydride in the
presence of an acid chloride to give the phenylsuccini-
mide 5. Reduction of 5 with a reagent such as lithium
aluminum hydride give the pyrrolidino compound 6.

Alternatively intermediate 4 is reductively methyl-
ated using ethyl formate followed by borane reduction
to give the methylaminomethyl compound 7. Treat-
ment of 7 with an arylalkanoic acid such as phenyl
acetic acid in the presence of a coupling reagent such as
dicyclohexylcarbondiimide gives carboxamide 8. Re-
duction of 8, for example with borane, gives the corre-
sponding phenylalkyl tertiary amine 9.

Scheme 2 1llustrates the preparation of the 5-methoxy
compound. The starting S-hydroxyisoquinoline is re-
duced 1n acetic acid with a platinum catalyst to give the
tetrahydro compound 10. Treatment of 10 with sodium
acetate in acetic anhydride gives the N-acetyl com-
pound 11. O-Alkylation with methyl iodide in the pres-
ence of potassium carbonate gives the O-methyl com-
pound 12. Acid hydrolysis using for example, hydrogen
chloride in methanol, gives the amine salt 13. This inter-
mediate 1s then carded on by the reactions described in
Scheme 1 for the preparation of compound 6 to give the
pyrrolidino compound 18.

Scheme 3 describes the preparation of the 5,6-methy-
lenedioxy compounds. 2,3-Dihydroxybenzaldehyde is
treated with bromochloromethane in the presence of
cesium carbonate in DMF to give the 5,6-methylene-
dioxy compound 19. Treatment of 19 with nitrometh-
ane gives the nitro styrene compound 20. Reduction of
the styrene double bond (for example, with borohy-
dride) gives the nitro ethyl compound 21. Catalytic
hydrogenation of compound 21 in the presence of
Raney nickel gives the aminoethyl compound 22. Acy-
lation of 22 with ethyl chloroformate gives the ethyl
carbamate 23. Treatment of 23 with glyoxylic acid
under acidic conditions gives the tetrahydroisoquino-
line compound 24. Intermediate 24 can be reacted with
N-methyl-N-phenylethylamine to give compound 25.
Lithnm aluminum hydride reduction gives tertiary
amine 26.
~ Alternatively intermediate 24 is reacted with 3-
phenylpyrrolidine to give succinimide 27. Reduction
with lithium aluminum hydride gives the pyrrolidino
compound 28.

Scheme 4 describes the preparation of the analogous
6,7-methylenedioxy compounds. 3,4-Methylenedix-
oybenzonitrile is reduced with borane to give the
phenylethylamine 29. This compound is treated by the
procedures described in Scheme 3 for compounds 26
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and 28 to give the corresponding phenylpyrrolinio (33)
and phenylethyl (35) compounds.

Scheme 5 describes the preparation of chiral tetrahy-
droisoquinolines. The racemic intermediate 24 is re-
acted with chiral phenylglycinol in an inert solvent 5
such as tetrahydrofuran with coupling reagents (for
example, 1-(3-dimethylaminopropyl-3-ethylcarbodii-
mide hydrochloride and 1-hydroxybenzotriazole) to
give the two stereoisomers which are separable by
chromatography. Reduction with a reducing agent such 10
as aluminum hydride gives N-methyl compounds 37
and 39. Catalytic hydrogenation gives chiral amines 38
and 40.

Scheme 6 shows the elaboration of the chiral phenyl

10

are reduced with diborane to give the chiral butanediols
41 and 43. These alcohols are then activated, for exam-
ple with mesyl chloride, to give the mesylates 42 and 44.
These mesylates are then reacted with intermediates 38
and 40 to give chiral phenylpyrrolino tetrahy-
droisoquinolines 45, 46, 47 and 438.

Scheme 7 illustrates the preparation of the N-methyl-
N-phenylethylaminomethyl side chain chiral tetrahy-
droisoquinolines. Compounds 38 and 40 are reacted
with phenylacetic acid to give amides 49 and 52. Reduc-
tion (for example, diborane) in an inert solvent (for
example, THF) gives the phenylethyl compounds 50
and 53. Formylation under reducing conditions (formal-
dehyde and sodium cyanoborohydride) gives tertiary

pyrrolidinyl side chain. The chiral phenyl succinic acids 15 amines 51 and 54.
Scheme 1
H3CO H3CO
1) CH,0
2 2)HCI NH.HCI
1
1) Fremy’s salt
2) Mel
H;CO H3CO
E KCN/H»0
+
NCH3 P NCH31—
3 CN 2
‘}h
Ph
b o
o o [ 0o NCH;3
A@ . CH;NH;
H3CO 1) EtOCHO
‘BH}THF
NCH3
H;CO
0 3
: /
Ph 7
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EXAMPLE 1
6-Methoxy-2-methyl-1-(3,phenylpyrrolidino)methyl-
The following examples are merely illustrative of the 1,2,3,4-tetrahydroisoquinoline
invention and are not to be viewed as limiting the scope 65 Step A—Preparation of 6-Methoxy-1,2,3,4-tetrahy-
of the invention as it is defined by the appended claims. droisoquinoline hydrochloride
In the examples the abbreviations and MeOH stand for 37% Formalin was added to 3-methoxyphenylethyla-

triethylamine and methanol, respectively. mine (23.3 g, 0.15 mol) with stirring at room tempera-



J,389,638

21

ture, followed by 12 mL of water. The mixture was
stirred for 20 minutes at room temperature then heated
at 100° C. for 1 hour. After cooling to room tempera-
ture, the mixture was extracted with toluene. The com-
bined extracts were washed with brine, dried (MgSOy),
filtered, and evaporated under reduced pressure to ob-
tain a yellow oil. The oil was heated at 100° C. with 33
mL 6N HCl for 2 hours. After cooling to room temper-
ature, the solution was basified with 20% NaOH. The
mixture was extracted with methylene chloride. The
combined extracts were washed with H>O and brine,
dried (MgSOy), filtered, and evaporated under reduced
pressure to afford an oil which was converted to its
hydrochloride salt as a white solid (23.5 g, 79% ). m.p.
230°-232° C. |
Step B—Preparation of 6-Methoxy-2-methyl-3,4-dihy-
droisoquinolinonium iodide

The product resulting from Step A (5.0 g, 25.1 mmol)
was added to a solution of Fremy’s Salt (14.0 g, 54
mmol), sodium carbonate (45.7 g), and 900 mL of water.
The reaction mixture was stirred at room temperature
for 1.25 hours and then extracted with methylene chlo-
ride. The combined extracts were washed with H,0O
and brine, dried (MgSQOy), filtered, and evaporated in
vacuo to obtain 4.8 g yellow oil The crude dihy-
droisoquinoline was dissolved in 50 mL of methylene
chloride, cooled to 0° C. with stirring, and 70 mL of
methyl iodide was added. The reaction mixture was
stirred at reflux for 0.5 hours, cooled to room tempera-
ture, and the solvents were evaporated under reduced
pressure. The residue was crystallized from
EtOH/ether to afford 4.08 g of the tire compound as a
tan solid (54%).

Step C—1-Cyano-6-methoxy-2-methyl-1,2,3,4-tetrahy-
droisoquinoline

To the product resulting from Step B (4.08 g, 13.5
mmol) dissolved in 30 mL of warm water and stirred
vigouously was added a solution of KCN (1.13 g, 17.4
mmol) in 23 mL of water dropwise. The reaction mix-
ture was stirred at room temperature for 0.75 hour then
was extracted with ethyl acetate. The combined ex-
tracts were washed with water and brine, dried
(MgS0y), filtered and evaporated in vacuo to afford 2.3
g of the title compound as a yellow oil (85%).

Step D—Preparation of 1-Aminomethyl-6-methoxy-2-
methyl-1,2,3,4-tetrahydroisoquinoline

Aluminum hydride was prepared by adding 1.8 mL
of 100% H»SO4 dropwise to a solution of 130 mL of
0.5M LiAlHy in ether under N;. External cooling was
applied during the addition. The reaction mixture was
stirred mechanically for 2 hours at room temperature,
then allowed to stand at room temperature for 2 hours.
The resultant thick, white solid was removed by filtra-
tion under a flow of Nz and was cautiously destroyed by
adding 1:1 H>,O-THF.

The ether filtrate from above was stirred at room
temperature under N3 as a solution of the product re-
sulting from Example 1C(2.3 g, 11.4 mmol)and 50 mL
1:1 ether-THF was added dropwise. The reaction mix-
ture was stirred at room temperature for 18 hours. The
reaction mixture was cooled to 0° C. and 25 mL 1:1
H>O-THF was added dropwise. THF was removed in
vacuo and the residue was dissolved in ethyl acetate.
The solution was washed with H>O and brine, dried
(MgSQy) filtered and evaporated under reduced pres-

sure to obtain 1.7 g of the title compound as an orange
oil (72%).
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Step E—Preparation of 6-Methoxy-2-methyl-1-(3-

phenylsuccinimido)methyl-1,2,3,4-tetrahydroisoquino-
line

A solution of phenylsuccinic acid (20.0 g, 0.10 mol),
acetyl chloride, and 200 mL of toluene was stirred at
reflux for 5.5 hours, removing H,O azeotropically dur-
ing the reaction. After cooling to room temperature,
toluene was evaporated in vacuo, and the residue was
crystallized from ether to obtain 12.2 g of phenyl suc-
cinic anhydride as a white solid.

A solution of the product resulting from Step D (1.69
g, 7.6 mmol), phenylsuccinic anhydride from above
(1.47 g, 8.4 mmol), and 20 mL 1,2-dichloroethane was
stirred at room temperature for 1.0 hour. Acetyl chlo-
ride (1.08 mL, 15.2 mmol) was added and the reaction
mixture was stirred at reflux for 1.5 hours and for 18
hours at room temperature. Saturated agueous sodium
bicarbonate was added and the solution was extracted
with methylene chloride. The combined organic ex-
tracts were washed with brine, dried (MgSQ4), filtered,
and evaporated 1n vacuo to yield 3.0 g of the title com-
pound as a yellow oil.

Step F—Preparation of 6-Methoxy-2-methyl-1-(3-
phenylpyrrolidino)methyl-1,2,3,4-tetrahydroisoquino-
line dihydrochloride

A solution of the product resulting from Step E (1.8
g, 4.9 mmol) and 18 mL anhydrous THF was added to
a 1.0M solution of LiAIH4 in THF (12.6 mL) at room
temperature under N3. The reaction mixture was stirred
at reflux for 2.5 hours. After cooling to 0° C., the fol-
lowing sequence was added: 0.48 mL of H,0, 0.48 mL
of 15% KOH followed by 1.4 mL of H>0O. The mixture
was stired at room temperature for 1 hour, filtered
through Celite ®), and evaporated under reduced pres-
sure to obtain 1.52 g of an orange oil. The product was
purified by column chromatography on silica gel elut-
ing with 7:3 hexane-ether saturated with NH4OH to
obtain the desired product. Conversion to the dihydro-
chloride salt and crystallization from EtOH/ether af-
forded 0.31 g of the title compound as a white solid.
m.p. 240°-241° C. Anal calc for CH33ClaN>O: C,
64.54; H, 7.39; N, 6.84. Found: C, 64.19; H, 7.43: N, 6.67.

EXAMPLE 2

6-Methoxy-2-methyl-1-(N-methyl-N-(2-phenylethyl-
Jamino)methyl)-1,2,3,4-tetrahydroisoquinoline
dihydrochloride

Step A—Preparation of 6-Methoxy-2-methyl-1-(N-
methylamino)methyl-1,2,3,4-tetrahydroisoquinoline

Ethyl formate (2.9 mL.) was added to a solution of the
product resulting from Example 1D (1.8 g, 8.7 mmol)
and 29 mL of toluene. The reaction mixture was stirred
at reflux for 1.5 hours and then cooled to room tempera-
ture. Solvents were evaporated under reduced pressure
and the residue was stirred at room temperature with 60
ml. of anhydrous THF as 1.0M BH3;. THF (13.0 mL)
was added dropwise. The reaction mixture was stirred
at reflux for 2.5 hours. and for 18 hours at room temper-
ature. After cooling to 0° C., methanolic HCl was
added slowly. Solvents were evaporated in vacuo and
the residue was converted to the free base to obtain 1.6
g of the title compound as an oil (87%).
Step B-—Preparation of 6-Methoxy-2-methyl-1-(((N-
methyl-N-phenylacetyl)amino)-methyl)-1,2,3,4-tetrahy-
droisoquinoline -

A solution of the product resulting from Example 2A
(1.6 g, 7.5 mmol), 1,3-dicyclohexylcarbodiimide (1.7 g,
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8.3 mmol), 1-hydroxybenzotriazole hydrate (2.2 g, 16.6
mmol), phenylacetic acid (1.0 g, 7.5 mmol) and 38 mL
of THF was stirred at room temperature for 18 hours.
‘The solid was filtered and the THF evaporated under
reduced pressure. The residue was dissolved in methy-
lene chloride, washed with 1IN KOH, H>0O and brine,
dried (MgS04), filtered and evaporated in vacuo to
afford 2.4 g of crude product as an oil. Purification by
preparative high pressure liquid chromatography, nor-
mal phase, eluting with 1,2-dichloroethane containing
2% MeOH aftorded 1.5 g of the title compound as an oil
(59%).
Step C—Preparation of 6-Methoxy-2-methyl-1-((N-
methyl-N-(2-phenylethyl)amino)methyl)-1,2,3,4-tet-
rahydroisoquinoline dihydrochloride

A solution of the product resulting from Example 2B

(1.5 g, 4.4 mmol), 15 mL of anhydrous THF, and 11.1
mL of 1.0 molar BH3. THF was stirred at reflux for 2.5
hours. After cooling to 0° C., methanolic HCl was
added. The solution was stirred at reflux for 1 hour.
After cooling to room temperature, solvents were evap-
orated under reduced pressure. The residue was dis-
solved in methylene chloride, washed with 10%
NH4OH and brine, dried (MgS0O;y), filtered, and evapo-
rated in vacuo to afford the desired product as the free
base. Column chromatography on silica gel eluting with
1:1 hexane-ether saturated with NH4OH afforded 0.37 g
of pure free base. Conversion to the dihydrochloride
salt and crystallization from EtOH/ether afforded the
desired product (0.26 g). m.p. 108°~-110° C. Anal calc
for Cp1H3gCl2N20: C, 63.47; H, 7.61: N, 7.05. Found: C,
63.20; H, 7.64; N, 6.97.

EXAMPLE 3

>-Methoxy-2-methyl-1-(3-phenylpyrrolidino)methyl-
1,2,3,4-tetrahydroisoguinoline

Step A—Preparation of 5-Hydroxy-1,2,3,4-tetrahy-
droisoquinoline acetate

>-Hydroxyisoquinoline (9.0 g, 62 mmol) was dis-
solved in 150 mIL of HOAc and hydrogenated at room
temperature using 0.5 g of PtO; as a catalyst and 4 atmo-
spheres pressure of Hj for 18 hours. The solution was
filtered, evaporated, and azeotroped with toluene sev-
eral times to afford 12.1 g of the title compound as a
gray solid (93%).
Step B—Preparation of 2-Acetyl-5-hydroxy-1,2,3,4-tet-
rahydroisoquinoline

Acetic anhydride (8.5 ml., 90 mmol) was added to a
0° C. solution of the product resulting from Step A (5.0
g, 24 mmol), NaOAc (3.9 g, 48 mmol, anhydrous) and
85 mL of MeOH. The reaction mixture was stirred for
0.5 hours at 0° C., then H>0O was added and the solvents
were evaporated 1n vacuo. IN HCI was added to the
remaining slurry, and the resultant solid was filtered,
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washed with HO and dried in vacuo to afford 3.6 g of 55

the title compound as a gray solid (77%).
Step C—Preparation of 2-Acetyl-5-methoxy-1,2,3,4-tet-
rahydroisoquinoline

The product resulting from Step B (6.0 g, 31.5 mmol)
was stirred at reflux with KoCO3 (24.1 g, 117 mmol,
powder), methyl iodide (5.3 mL, 85 mmol) and 620 mL
of acetone for 3 hours. An additional 5.3 mL of methyl
1odide was added and reflux was continued for another
6 hours. After cooling to room temperature, the mixture
was filtered and the filtrate was evaporated in vacuo.
The residue was dissolved in methylene chloride and
washed with 1IN KOH, 1IN HCI, H>O and brine. The
solution was dried (MgSQOs), filtered and evaporated
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under reduced pressure to afford the title compound as
an o1l (5.9 g, 91%).
Step D—Preparation of 5-Methoxy-1,2,3,4-tetrahy-
droisoquinoline hydrochloride

A solution of the product resulting from Step C (5.9
g, 28.7 mmol), 59 mLL MeOH and 24 m1. concentrated
HCI was stirred at reflux for 3 hours. After cooling to
room temperature, the solvent was evaporated under
reduced pressure and azeotroped with toluene. The
resultant off white solid was recrystallized from
MeOH/ether to afford 4.2 g of the title compound as a
white solid (73%)).
Step E—Preparation of 5-Methoxy-2-methyl-1-(3-
phenylsuccinimido)methyl-1,2,3,4-tetrahydroisoquino-
hine

Using the procedures described in Examples 1B, 1C,
1D and 1E, and the compound resulting from Example
3D, the title compound was prepared.
Step F—Preparation of 5-Methoxy-2-methyl-1-(3-
phenylpyrrolidino)methyl-1,2,3,4-tetrahydroisoguino-
line dihydrochloride

BH;. THF (1.0M solution, 8.1 mL) was added to a
solution of the product resulting from Example 3E (0.98
g, 2.7 mmol) and 10 mL anhydrous THF. The reaction
mixture was stirred at reflux for 1.0 hour and for 18
hours at room temperature. Methanolic HCl was added
and the solution was stirred at reflux for 2 hours. Sol-
vents were evaporated under reduced pressure and the
restdue was azeotroped with toluene. The crude prod-
uct was purified by preparative HPLC, eluting with
18:1:1 EtOAc-H>0 -formic acid. The resultant formate
salt was converted to its HCI] salt and triturated with
ether, faltered, and dried in vacuo to afford 0.40 g of the
title compound as a white solid. m.p. 152°~153° C. Anal
calc for CypoH3gCl2N2O. 0.5 H;0: C, 63.15; H, 7.47; N,
6.70. Found: C, 62.93; H, 7.39; N, 6.37.

EXAMPLE 4

3,6-Methylenedioxy-2-methyl-1-((N-methyl-N-(2-
phenylethyl)amino)methyl)-1,2,3,4-tetrahydroisoquino-
line dihydrochloride.

Step A—Preparation of 2,3-Methylenedioxybenzalde-
hyde

Starting with 2,3-dihydroxybenzaldehyde and using
the procedure described in Tetrahedron Letters 32(22):
2461 (1991) afforded the title compound.
Step B—Preparation of 2,3-Methylenedioxy-b-nitrosty-
rene

The product resulting from Step A was stirred at
reflux with 7.2 g NH4OAC, nitromethane (12.7 mL, 0.24
mol) and 120 mL of glacial acetic acid for 1.5 hours.
The mixture was cooled to room temperature and
poured onto a mixture of ice and concentated HCl with
stirring. The solid was faltered, washed with water and
dried in vacuo to afford an orange solid. The crude
product was purified by column chromatography elut-
ing with 9:1 hexane-ethyl acetate to afford 13.9 g of the
title compound as a yellow solid (65%).
Step C—Preparation of 1-Nitro-2-(2,3-methylenedioxy-
phenyl)ethane

The products resulting from Step B (3.18 g, 16.5
mmol) was dissolved in 27 mL of dioxane and added
slowly over 0.5 hours to a suspension of NaBH4(1.37 g,
35 mmol), 8.6 mL of EtOH and 27 mL of dioxane. The
internal temperature was kept below 30° C. The reac-
tion mixture was stirred for 0.75 hours at room tempera-
ture, then ice was added cautiously, followed by a slow
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addition of 15 mL of 50% HOAc. The mixture was
stirred for 0.5 hours at room temperature, then EtOH
was removed in vacuo and methylene chloride added.
The methylene chloride layer was washed three times
with water and brine, dried (MgSOg), filtered and evap-
orated under reduced pressure to afford 3.2 g of the title
compound as a yellow oil (100%).
Step D—Preparation of 2,3-Methylenedioxyphenyle-
thylamine |

The product resulting from Step C (8.4 g, 43.0 mmol)
was hydrogenated with a Raney nickel catalyst (10.3 g)
in 250 mL of MeOH at room temperature under 4 atmo-
spheres of H» for 18 hours. The solution was filtered and
evaporated mm vacuo to afford an oil which was con-
vened to 1ts hydrochloride salt and crystallized from
EtOH/ether to afford 5.0 g of the title compound as a
white solid (71%).
Step E—Preparation of 2-(2,3-Methylenedioxyphenyl)-
N-(carboxyethyl)ethylamine

To a 0" C. solution of the product resulting from Step
D (4.7 g, 28.4 mmol), triethylamine (4.4 mL, 31.3 mmol)
and 78 mL of methylene chloride was added ethyl chlo-
roformate (3.1 mL, 31.3 mmol). The reaction mixture
was stirred at 0° C. for 1 hour and then ice/H»>O was
added, and the layers were separated. The organic
phase was washed with 1IN KOH, IN HCl, H,O and
brine, dried (MgSQy), filtered, and evaporated under
reduced pressure to afford an oil which was purified by
column chromatography eluting with 7:3 hexane-ethyl
acetate to afford 6.0 g of the title compound as a clear
oil (89%).
Step F-—Preparation of 2-Aza-2-(carboxyethyl-5,6-
methylenedioxy)-1,2,3,4-tetrahydro-1-naphthoic acid

The product resulting from Step E (6.0 g, 25.3 mmol)
was stirred at 0° C. in 51 mL 3:1 AcOH-H3SO4as glyox-
ylic acid monohydrate (2.1 g, 22.8 mmol) was added.
The reaction mixture was stirred at 0° C. for 0.25 hours
and at room temperature for 18 hours. Ice/H>0O was
added, and the mixture was extracted with ethyl ace-
tate. The combined organic extracts were washed 3
times with water and brine, dried MgSQy), filtered and
evaporated to afford a tan foam. The crude product was
purified by column chromatography eluting with 7:3
hexane-ethyl acetate containing 1% HOAc to afford 5.3
g of the title compound as a white foam (72%).
Step G—Preparation of 2-Aza-2-(carboxyethyl-5,6-
methylenedioxy)-1,2,3,4tetrahydro-1-naphthoyl-N-
methyl phenylethylamine

A mixture of the product resulting from Step F (1.1 g,
3.9 mmol), N-methylphenylethylamine (0.56 mL, 3.9
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodii-
mide hydrochloride, 1-hydroxybenzotriazole hydrate
(1.2 g, 9.0 mmol), Et3N (0.63 mL, 4.5 mmol), and 10.0
mL of THF was stirred at room temperature for 1.5
hours. HyO was added and the mixture was extracted
with ethyl acetate. The combined organic extracts were
washed with 1IN KOH, IN HCI, H>O and brine, dried
(MgSOQOy), filtered and evaporated in vacuo to afford 1.4
g of the title compound as an orange oil (89%).
Step H-——Preparation of 5,6-Methylenedioxy-2-methyl-
1 ((N-methyl-N-(2phenylethyl)amino)Methyl-1,2,3,4-
tetrahydroisoquinoline dihydrochloride

To the product resulting from Step G (1.4 g, 3.4
mmol) dissolved in 15 mI. of THF and stirred at room
temperature was added 1.0 M LiAlH4 in THF (8.9 mL).
The reaction mixture was stirred at reflux for 2.5 hours.

After cooling to 0° C., the following sequence was
added: 0.34 mL of H>0, 0.34 mL of 15% KOH and 1.0

10

15

20

25

30

35

435

50

35

60

65

26

mL of HyO. After stirring 1 hour at room temperature,
the mixture was filtered through Celite ®), and the fil-
trate evaporated to afford 0.97 g of an orange oil. The
crude product was purified by column chromatography
eluting with 8:2 hexane-ether saturated with NH4OH.
The pure free base was converted to its dihydrochloride
salt and dried in vacuo to afford 0.82 g of the title com-
pound as a white solid (59%). m.p. 161°-162° C. Anal
calc for Cz1H23ClhoN2O2. H70O: C, 58.74; H, 7.04; N,
6.52. Found: C, 58.67; H, 6.76; N, 6.49.

EXAMPLE 5

3,6-Methylenedioxy-2-methyl-1-N-(3-phenylpyr-
rolinodino)methyl-1,2,3,4-tetrahydroisoquinoline
dihydrochloride

Using the procedures described in Example 4 and
substituting 3-phenylpyrrolidine for N-methylphenyle-
thylamine in Example 4, Step G provided the desired
product. m.p. 248°-250° C. Anal calc for
C22H23ClIaN203, 641 1.5 H20: C, 58.67; H, 6.94; N, 6.22.
Found: C, 59.03; H, 6.73; N, 6.00.

EXAMPLE 6

6,7-Methylenedioxy-2-methyl-1-(3-phenylpyrrolidino)-
methyl-1,2,3,4-tetrahydroisoquinoline
dimethanesulfonate

Step A—Preparation of 3,4-Methylenedioxyphenyle-
thylamine

To a solution of 3,4-methylenedioxyphenyl-acetoni-
trile (3.22 g, 20 mmol) dissolved in 40 mL anhydrous
THF was added 1.0M BH3. THF (30 mL). The reaction
mixture was stirred at room temperature for 0.5 hours
and then at reflux for 3.5 hours. After cooling to 0° C.,
20 mL MeOH was added dropwise followed by 10 mL
of 1sopropyl alcohol saturated with HCl gas. The solu-
tion was stirred at reflux for 0.5 hours, cooled to room
temperature and concentrated to about 25 mL under
reduced pressure. H;O was added and the mixture was
washed with ether. The aqueous layer was basified with
IN KOH and washed with methylene chloride. The
methylene chloride extracts were washed with brine,
dried (MgSQ,), filtered and evaporated in vacuo to
afford 2.4 g of the title compound as a clear oil (73%).
Step B—Preparation of 6,7-Methylenedioxy-2-methyl-
1-(3-phenylpyrrolidino)methyl-1,2,3,4-tetrahy-
droisoquinoline dimethanesulfonate

Using the procedures described in Example 5 and the
compound resulting from Example 6, Step A provided
the desired product. The free base obtained from the
LiAlH4 reduction was converted to its dimethanesul-
fonate salt. m.p. 193°-194° C. Anal calc for
C24H34N2S703. H7O: C, 51.41; H, 6.13; N, 5.01. Found:
C, 51.94; H, 6.13; N, 5.01.

EXAMPLE 7

6,7-Methylenedioxy-2-methyl-1-((N-methyl-N-(2-
phenylethyl)amino)methyl)-1,2,3,4-tetrahydroisoquino-
line dihydrochloride

Using the compound resulting from Example 6, Step
A and the procedures described in Example 2 the title
compound was prepared. m.p. 165°-166° C. Anal calc
for C21H25CI12N204. 0.5 H20: C, 60.00; H, 6.95; N, 6.66.
Found: C, 59,55; H, 6.58; N, 6.57.
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EXAMPLE 8

J,6-Methylenedioxy-2-methyl-1(R)-(3'(R)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline
dihydrochloride

Step A—Preparation of 2-Aza-2-carboxyethyi-5,6-
methylenedioxy-1,2,3,4-tetrahydro-1(R)- and 1(S)-
naphthoyl-2-hydroxy-1(R)-phenylethylamine

Using the procedure outlined for Example 4, Step G,
but substituting (R)-phenylglycinol for N-methyl-
phenylethyl amine provided a mixture of the 1-(R) and
the 1(S) amides. These products were separated by
preparative HPLC, eluting with 2:1 ethyl acetate-
methylene chloride.
Step B—Preparation of 5,6-Methylenedioxy-2-methyl-
1(R)-[(2-hydroxy-1(R)phenylethyl)aminomethyl]-
1,2,3,4-tetrahydroisoquinoline dihydrochloride

Using the procedure outlined for Example 1, Step D,
but substituting the 1-(R)-amide obtained from Example
8A for Example 1, Step C, provided the desired prod-
uct. The product was converted to its dihydrochlorde
salt using ethanol/ethereal HCI.
Step C—Preparation of 1(R)-Aminomethyl-5,6-methy-
lenedioxy-2-methyl-1,2,3,4-tetrahydroisoquinoline

A mixture of the product resulting from Step B (1.8 g,
4.0 mmole), a catalytic amount of 10% Pd/C (dry) and
150 mL of MeOH was hydrogenated at 4 atmospheres
of Hy at room temperature overnight. The reaction
mixture was filtered, the solvent evaporated under re-
duced pressure and the residue recrystallized from
MeOH-ether to afford 08 g white solid.
[2] P20 = +25.5° (c=0.84, MecOH).
Step D—Preparation of 2(R)-Phenyl-1,4-butanediol

Using the procedure outlined for Example 9, Step A,
but substituting R-(+)-phenylsuccinic acid (Fluka
Chemical Co.) for S-(—)-phenylsuccinic acid afforded
the desired product.
Step E—Preparation of 2(R)-Phenyl-1,4-butanediol
bismesylate

Using the procedure outlined for Example 9, Step B,
but substituting the compound resulting from Example
8D for Example 9A, provided the desired compound.
[a] Y = —32.1° (c=1.01, MecOH).
Step F—Preparation of 5,6-Methylenedioxy-2-methyl-
1(R)-(3'(R)-phenylpyrrolidino)methyl-1,2,3,4-tetrahy-
droisoquinoline dihydrochloride

A solution of the compound resulting from Step C
(0.15 g, free base, 0.68 mmol), the compound resulting
from Example 8E (0.26 g, 1.0 mmol), 0.34 mL diiso-
propylethylamine and 1.6 mL absolute ethanol was
stirred at reflux for § hours. Solvents were removed in
vacuo, and the residue was purified by column chroma-
tography on silica gel eluting with 7:3 hexane-ethyl
acetate saturated with NH4OH to afford 0.11 g of the
free base as a clear oil. The product was converted to
the dihydrochloride (ethanol-ethereal HCI) to afford
0.15 g of the title compound as a white solid. m.p.
273°-274° C. [a]p*¥" = +69.4° (c=0.51, H30). Anal calc
for Cy2HagClaN»032. 0.5 H2O: C, 61.11; H, 6.76; N, 6.48.
Found: C, 61.20; H, 6.66; N, 6.23.

EXAMPLE 9
5,6-Methylenedioxy-2-methyl-1(R)-[3'(S)-phenylpyr-
rolidino]methyi-1,2,3,4-tetrahydroisoquinoline
dihyrochloride
Step A—Preparation of 2(S)-Phenyl-1,4-butanediol

1.0M BH3.THF (51.5 mL) was added dropwise to a
0° C. solution of (S)-(+ )-phenylsuccinic acid (5.0 g, 25.8
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mmol,Fluka Chemical Co.) and 76 mL of anhydrous
THIF. The reaction mixture was stirred at 0° C. for 30
minutes and at room temperature for 2 hours. 30 mL of
MeOH was added slowly and solvents were removed in
vacuo. The residue was dissolved in methylene chloride
and washed with 0.1N HCI dried (MgSQy), filtered and

evaporated under reduced pressure to afford 3.6 g of the
title compound as a clear oil.

Step B—Preparation of 2(S)-Phenyl-1,4-butanediol
bismesylate
- Methanesulfonyl chloride (3.9 mL, 50.4 mmol) was
added dropwise to a 0° C. solution of the product result-
ing from Step A (3.6 g, 21.7 mmol), triethylamine (8.6
ml) and 67 mL of methylene chloride. The reaction
mixture was stirred for 2.5 hours at 0° C., then was
diluted with methylene chloide, washed with saturated
aqueous sodium bicarbonate, 0.5N HCI, dried (MgSQO4),
filtered and evaporated under reduced pressure to af-
tford 6.5 g as a solid. The product was puttied by column
chromatography on silica gel eluting with 1:1 hexane-
ethyl acetate to obtain 6.0 g of the title compound as a
white solid. [a]p?0" = +33.5° (c=1.06, MeOH).
Step C-—Preparation of 5,6-Methylenedioxy-2-methyl-
1(R)-(3'(S)-phenylpyrrolidino)methyl-1,2,3,4-tetrahy-
droisoquinoline dihyrochloride

Using the procedure outlined for Example 8, Step F,
but substituting the compound resulting from Example
9B for Example 8E provided the desired product. m.p.
219°-220° C. Anal calc for C3o0H,3CIN2O»: C, 62.41: H,
6.67; N, 6.62. Found: C, 62.17; H, 6.75; N, 6.46.
[a]p2°" = +36.2° (¢c=0.60, H20).

EXAMPLE 10

J,6-Methylenedioxy-2-methyl-1(S)-[3'(R)-phenylpyr-
rolidino]methyl-1,2,3,4-tetrahydroisoquinoline
dihydrochloride

Step A—Preparation of 5,6-Methylenedioxy-2-methyl-
1(S)-((2-hydroxy-1(R)-phenylethyl)aminomethyl)-
1,2,3,4-tetrahydroisoquinoline dihydrochloride

Using the procedure outlined for Example 1, Step D,
but substituting the 1-(S)-amide obtained from Example
8, Step A for Example 1, Step C, provided the desired
product. The product was converted to the dihydro-
chloride using ethanolethereal HCI.
Step B—Preparation of 1(S)-Aminomethyl-5,6-methy-
lenedioxy-2-methyl-1,2,3,4-tetrahydroisoquinoline

Using the procedure outlined for Example 8, Step C,
but substituting the compound resulting from Example
10, Step A for Example 8, Step B provided the desired
compound. [a]p?0" = —27.2° (¢=0.67, H,0).
Step C—Preparation of 5,6-Methylenedioxy-2-methyl-
1(S)-[3’(R)-phenylpyrrolidinojmethyl-1,2,3,4-tet-
rahyroisoquinoline dihydrochloride

Using the procedure outlined for Example 8, Step F,
but substituting the compound resulting from Example
10, Step B for Example 8, Step C provided the desired
product. m.p. 149°-151° C. Anal «calc for
C22H3CIhoN2O3: C, 62.41: H, 6.67; N, 6.62. Found: C,
62.87; H, 6.79; N, 6.51. [a] p?*" = —29.6° (c=0.62, H20).

EXAMPLE 11

3,6-Methylenedioxy-2-methyl-1(S)-[3'(S)-phenyipyr-
rolidino]methyl-1,2,3,4-tetrahydroisoquinoline
dihydrochloride

Using the procedure outined for Example 8, Step F,
but substituting Example 10, Step B for Example 8, Step
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C, and substituting Example 9, Step B for Example 8,
Step E provided the desired compound. m.p. 270°-272°
C. Anal calc for CH»3CloN202.H20: C, 59.86; H, 6.85:
N, 6.35. Found: C, 60.23; H, 6.86; N, 6.03.
[a]p 2% = —66.8° (c=0.59, H20).

EXAMPLE 12

J,6-Methylenedioxy-2-methyl-1(R)-((N-methyl-N-
phenylethyl)amino)methyl)-1,2,3,4-tetrahydroisoquino-
line dihydrochloride

Step A—Preparation of 5,6-Methylenedioxy-2-methyl-
I(R)-(((N-phenylacetyl)amino)methyl-1,2,3,4-tetrahy-
droisoquinoline

Using the procedure outlined for Example 4, Step G,
but substituting phenylacetic acid for Example 4, Step
F, and substituting the compound resulting from Exam-
ple 8, Step C for N-methylphenylethyl amine afforded
the desired product.
Step B—Preparation of 5,6-Methylenedioxy-2-methyl-
I(R)-(((N-phenylethyl)amino)methyl)-1,2,3,4-tetrahy-
droisoquinoline |

Using the procedure outlined for Example 2, Step C,
but substituting the compound resulting from Example
12, Step A for Example 2, Step B, provided the desired
product as the free base.
Step C—Preparation of 35,6-Methylenedioxy-2-methyl-
I(R)-(((N-methyl-N-phenylethyl)amino)methyl)-
1,2,3,4-tetrahydroisoquinoline dihydrochloride

Sodium cyanoborohydride (55 mg, 0.88 mmol) was
added to a solution of the compound resulting from
Step B (100 mg, 0.31 mmol), 1.0 mL 37% formaldehyde
and 1.8 mL of MeOH. The reaction mixture was stirred
at room temperature for 1 hour. Five drops of 6N HCI
were added and the solvent evaporated under reduced
pressure. 10 mL 10% NH4OH was added to the residue
and the solution was extracted with methylene chloride.
The combined organic extracts were washed with
- brine, dried (MgSQy), filtered and evaporated in vacuo
to afford 90 mg of the title compound free base as an oil.
The product was purified by column chromatography
on silica gel eluting with 8:2 hexane-ethyl acetate satu-
rated with NH4OH. Conversion to the dihydrochloide
(ethanol/ethereal HCI) afforded the desired product.
m.p. 228°-229° C. Anal calc for C21H33CI2N>05: C,
61.31; H, 6.86; N, 6.81. Found: C, 60.87;: H, 6.89; N, 6.80.
[a] 20" = +25.5° (c=0.51, H,0).

EXAMPLE 13

5,6-Methylenedioxy-2-methyl-1(S)-((N-methyl-N-
phenylethyl)amino)methyl-1,2,3,4-tetrahydroisoquino-
Iine dihydrochloride

Using the procedure outlined for Example 12, Step
A, but substituting the compound resulting from Exam-
ple 10, Step B for Example 8, Step C, provided 5,6
-methylenedioxy-2-methyl-1-(S)-[(N-phenylacetyl)me-
thylaminol-1,2,3,4-tetrahydroisoquinoline.

Using the procedure outlined for Example 2, Step C,
but substituting the compound prepared above for Ex-
ample 2, Step B provided 5,6-methylenedioxy-2-meth-
y1-1(S)-(((N-phenylethyl)amino)methyl)-1,2,3,4-tet-
rahydroisoquinoline.

Using the procedure outlined for Example 12, Step C,
but substituting the compound prepared above for Ex-
ample 12, Step B, provided the title compound. m.p.
228°-229° C. Anal calc for Cy1H28C1aN203. 0.5 H>O: C,
60.00; H, 6.95; N, 6.66. Found: C, 60.33; H, 6.91; N, 6.58.
[a]p??" = —28.1° (c=0.75, H0).
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The foregoing examples are provided as being illus-
trative of the invention and are not intended to limit the
invention to the disclosed compounds. Variations and
changes which are obvious to one skilled in the art are
intended to be within the scope and nature of the inven-
tion which are defined in the appended claims.

We claim:

1. A compound of the formula

RO),
N
\Rl
X R
2
liq.--"
R3

or a pharmaceutically acceptable salt thereof, wherein
n is an integer selected from the group consisting of 0
and 1, |
R 1s independently selected from the group consisting
of methyl and ethyl;
X 1s selected from the group consisting of hydrogen
and fluorine;
R 1s selected from the group consisting of
alkyl of one to six carbon atoms,
alkanoyl of from two to six carbon atoms,
aminosulfonyl,
alkoxycarbonyl of from two to eight carbon atoms,
aminocarbonyl;
R is selected from methyl and ethyl; and
R31s arylalkyl where the aryl portion is unsubstituted
or is substituted by one or more groups selected
from the group consisting of
alkyl of one to six carbon atoms,
haloalkyl of one to six carbon atoms,
alkoxy of one to six carbon atoms,
thioalkoxy of one to six carbon atoms,
amino,
alkylamino of one to six carbon atoms,
dialkylamino in which the alkyl groups are inde-
pendently of one to six carbon atoms;
hydroxy,
halo,
mercapto,
nitro,
carboxidehyde,
carboxy,
carboalkoxy of two to eight carbon atoms, and
carboxamido; or
R> and Rj3 taken together with the nitrogen atom to
which they are attached form a pyrrolidinyl ring
substituted by phenyl, which phenyl group is op-
tionally substituted by one or more groups selected
from the group consisting of
alkyl of one to six carbon atoms,
halo,
hydroxy,
alkoxy of one to six carbon atoms,
amino, and
thioalkoxy of one to six carbon atoms.
2. A compound as defined by claim 1 in whichnis 1
and R 1s methyl.
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3. A compound as defined by claim 1 having the

structure

(RO)y,

10

wherein R4 is phenyl optionally substituted by one or 15

more groups selected from the group consisting of

alkyl of one to six carbon atoms,

halo,

hydroxy,

alkoxy of one to six carbon atoms,

amino, and

thioalkyloxy of one to six carbon atoms. _
4. A compound as defined by claim 1 having the

structure
(RO),
N
~ R,
X
CH3

wherein R4 is phenyl optionally substituted by one or

more groups selected from the group consisting of

alkyl of one to six carbon atoms,

halo,

hydroxy,

alkoxy of one to six carbon atoms,
amino, and

thioalkyloxy of one to six carbon atoms.

d. A compound as defined by claim 3 wherein R; is
methyl.
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6. A compound as defined by claim 3 selected from
the group consisting of:

6-methoxy-2-methyl-1-(3-phenylpyrrolidino)methyl-

1,2,3,4-tetrahydroisoquinoline;

J-methoxy-2-methyl-1-(3-phenylpyrrolidino)methyl-

1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1-(3-phenylpyrrolin-
dino)methyl-1,2,3.4-tetrahydroisoquinoline;
6,7-methylenedioxy-2-methyl-1-(3-phenylipyr-
rolidino) methyl-1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1(R)-(3'(R)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
5,6-methylenedioxy-2-methyl-1(R)-(3'(S)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline;
~ 5,6-methylenedioxy-2-methyl-1(S)-(3’'R)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahyroisoquinoline; and
5,6-methylenedioxy-2-methyl-1(S)-(3'(S)-phenylpyr-
rolidino)methyl-1,2,3,4-tetrahydroisoquinoline.
or a pharmaceutically acceptable salt thereof.
7. A compound as defined by claim 4 selected from
the group consisting of:
5,6-methylenedioxy-2-methyl-1-(N-methyl-N-(2-
phenylethyl)amino)methyl)-1,2,3,4-tetrahy-
droisoquinoline;

0,7-methylenedioxy-2-methyl-1-((N-methyl-N-(2-
phenylethyDamino)methyl)-1,2,3,4-tetrahy-
droisoquinoline;

5,6-methylenedioxy-2-methyl-1(R)-(((N-methyl-N-
phenylethyl)-amino)methyl-1,2,3,4-tetrahy-
droisoquinoline; and

3,6-methylenedioxy-2-methyl-1(S)-((N-methyl-N-
phenylethyl)-amino)methyl-1,2,3,4-tetrahy-
droisoquinoline.

8. A pharmaceutical composition comprising a thera-
peutically effective amount of a compound in accor-
dance with claim 1 in combination with a pharmaceuti-
cally acceptable carrier.

9. A method for inhibiting biogenic amine uptake and
antagonizing alpha-2 adrenoreceptors in a mammal in
need of such treatment comprising administering to the
mamimal a therapeutically effective amount of a com-
pound of claim 1.

10. A method of treating disorders which are medi-
ated by biogenic amine uptake and antagonism of alpha-
2 adrenoreceptors comprising administering to a mam-
mal in need of such treatment a therapeutically effective

amount of a compound as defined by claim 1.
* K X F I
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